We examine selective reflection (SR) spectrum of an Airy beam at an interface between a dielectric and a homogeneous atomic medium. It is shown that both the general reflection (GR) and the SR of Airy beams exhibit accelerating dynamics with a parabolic trajectory, however, the accelerating rate for the SR is slightly greater than that for the GR. Due to interaction of atoms and the Airy beams at the interface between dielectric and resonant atoms, the SR beams can create far-field interference patterns. We also show that the amplitude of the SR can be dramatically modified by the detuning of the incident fields, the reduced x-coordinate and the distance from the interface. The SR at the resonant medium interface of Airy beams can probably be a powerful tool in the use of optical power delivering, resonant particle manipulation and spatial spectrum detection of a resonant medium at an interface. 
Introduction
An Airy wavepacket was initially predicted within the context of quantum mechanics [1] . It has two typical properties: resistance to diffraction and accelerating dynamics along the transverse direction during the propagation [2, 3] . These remarkable features of ideal Airy beams can be implemented in practice by finite power Airy beams maintaining their shape over several diffraction lengths before they are significantly distorted [2, 3] . Another feature of the Airy beams is their self-healing when perturbations are imposed on them [4] . This selfhealing characteristic of the Airy beam was also observed in the turbulence independence of its centroid position and skewness [5] . It was also shown that an Airy beam can maintain its shape when propagating in a self-defocusing nonlinear medium [6] . These exotic features of Airy beams may have many applications, e.g., controlling of beam trajectory [7] , particle manipulation [8] , plasma channel generation [9] and near-field imaging of Airy surface plasmons [10] . To describe an Airy beam, a virtual source for generating an Airy wave was identified [11] , in which the authors derived a spectral integral expression yielding a freely accelerating, non-diffracting, as well as a finite-energy Airy beam in the paraxial limit. Self-healing and accelerating dynamics can be observed in reflection and refraction beams from a finite power incident Airy beam at the interface between two dielectric media [12] . In a four-level electromagnetic induced transparency (EIT) atomic vapor system, it is shown that the deflection position and the intensity of the Airy beam can be modulated by the Rabi frequency of the control light. Such a tunable optical behavior may have some potential applications in medicine science [13] . SR spectroscopy is known as an excellent tool to detect the resonant properties of the medium in the vicinity of the interface [14] [15] [16] [17] [18] [19] [20] . It is notably beneficial to get high-resolution spectroscopy in order to study atom-surface interaction [14, 15, 17] , and a dense gas atomic medium [16, 19, 20] , sensitively. In this paper, our discussion is devoted to the phenomena associated with the SR at an interface between a dielectric and a homogeneous atomic medium. Both the GR and the SR of Airy beams exhibit accelerating dynamics with a parabolic trajectory. However, the accelerating rate of the SR is slightly greater than that of the GR, and the SR beam can create far-field interference patterns. We also show that the amplitude of the SR can be dramatically controlled by the detuning of the incident fields, the reduced x-coordinate and the distance from the interface. The selective reflected Airy beam can probably be a powerful tool in the use of optical power delivering, resonant particle manipulation and spatial spectrum detection of a resonant medium at an interface.
Theoretical model
We consider a two-dimensional system with a homogeneous cold atomic medium 2 sandwiched between two dielectric windows 1 and 1' [ Fig. 1(a) ], situated respectively in the regions of 0 z < and z L > . We assume that the inner surface of the window 1' is antireflection coated, i.e., the Fabry-Perot effect can be neglected in our discussion. The employed lambda-type three-level atomic system in medium 2 is presented in Fig. 1(b 
The geometrical configuration of probe and coupling fields impinging on the interface between a transparent dielectric window and a homogeneous sample of cold atoms. The diverse coordinate systems are also shown. (b) Lambda-type three-level system of atoms.
The field amplitude of a paraxial probe beam with an incident angle 1 θ at the interface can be expressed as 
where a is the truncation and x 0 an arbitrary transverse scale. 
where we assume that the probe field is s-polarized, 
The incident special coefficient
E at the interface in medium 1 can be obtained in a similar way, and we do not show it here.
We assume that each Fourier component of the probe field through atomic medium satisfies the wave equation
The second interface 2 1' − in our system is antireflection coated; hence, it is justified to assume that
In the above equations, the polarization ( ) / ( ).
For simplicity the superscript (k) in each density matrix element is omitted, since it does not change the main result in our discussion. Substituting (7) into (5) and then into (3b), we finally obtain
The envelope function for the SR beam is given by the Fourier integral [12] It is apparent that the spatial profile of the selective reflected beam can be modulated by the SR coefficient sr R , i.e., the atomic level structure, the thickness of atomic sample, as well as the detuning and the strengths of the probe and coupling fields. Here we restrict our discussion to the modulation to the SR beam induced by the probe detuning p Δ , the reduced
x z χ θ = − and the distance z r from the interface, while keeping a fixed value of the sample thickness, the detuning and strength of the coupling field.
Numerical results and discussion
In numerical calculation, atomic parameters are chosen to be corresponding to the 1 D line of 87 Rb, the coupling field c E couples level | 2 ( γ γ − , at the edges of which the SR is significantly enhanced and a maximum value can be achieved. However, since the transmission is largely enhanced in this interval, the SR is weakened. When the probe beam is far detuned from the resonant frequency, the SR shows a decreasing contribution. It is obvious that both the GR and the SR are quasi-diffraction-free Airy-like beams, which exhibit accelerating dynamics toward the same direction with the incident beam along the Snell's law axis. The FWHM of the first lobe for the GR and the SR are ~34μm. This feature for the former case can remain almost invariant up to ~2.8cm, and for the latter case up to ~1.6cm. This evidently indicates that the quasi-diffraction-free character of the Airy beam can be maintained in the GR and the SR, but the disturbance-resisting distance for the SR beam is smaller than that for the GR beam due to the contribution from resonant atoms. Although the parabolic trajectories of the SR beams are similar to the case of the GR beams, the accelerating rate in the former case is slightly greater than that in the latter case. Due to the spatial periodical modulation of the radiated waves from the resonant atoms along the reflection direction, a quasi-diffraction-free character periodically remains, and a periodic far field interference pattern also emerges in the resonant case.
The Figure 4 shows that the amplitude of the SR can be dramatically modified by the detuning of the incident fields, the reduced x-coordinate and the distance from the interface. As the probe field is exactly tuned to the transition |1 | 3 −  , the EIT effects are manifest due to the ac-Stark splitting and the interference between dressed states created by the coupling laser [21] [22] [23] [24] [25] . The absorption of the probe field is largely suppressed, thus the SR from the resonant atoms is very weak (red lines). As the probe detuning is detuned to 31 γ and the dressed state resonance occurs, the absorption or resonant radiation approaches a maximum value. In this case, the SR approaches maximum value, and the most significant variation of spatial profile also emerges in the propagation (blue lines). When probe field is further detuned to 31 3γ , the SR turns weak because the dressed state resonance is significantly lost (green lines). It can also be observed that the SR beams can create far-field interference patterns. This is due to the periodic spatial radiation behavior from the resonant atoms resulting from the similar modulation behavior of the incident Airy beam. This type spectrum of the beam can have potential application in the detection of resonant properties of particles, as well as the manipulation of the resonant particles.
Conclusion
We have investigated the GR and the SR properties of an Airy beam at an interface between a dielectric and a homogeneous atomic medium. Both the GR and the SR of Airy beams are Airy-like and exhibit accelerating dynamics toward the same direction with the incident beam. Although the parabolic trajectories of the SR beams are similar to the case of the GR beams, the accelerating rate of the former is slightly greater than that of the latter. Due to the contribution of resonant atoms, the SR beams can create far-field interference patterns. It is also observed that the amplitude of the SR can be dramatically modified by the detuning of the incident fields, the reduced x-coordinate and the distance from the interface. The SR of Airy beams can probably be a powerful tool in the use of optical power delivering, resonant particle manipulation and spatial spectrum detection of resonant medium at an interface.
